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NA!FIONAL ADVISORY COhMFITEE FOR AERONAVTICS 

ADVANCE -PORT 

DESIGN CRITERIONS FOR THE DIMEXSONS OF "E 

FOREBODY OF A LOIVG.AANGE FLYING BOAT 

By John B. Parkinson 

SUMMARY 

A correlation is made of the gross-load coefficient 
and the  forebody length-beam r a t i o  f o r  a limited number 
of pi-esent-day m u l t  iengine long-range f ly ing  boats f o r  
which the spray character is t ics  a re  known. The epray 
c r i t e r ion  and the derived relationships permit a choice 
of dimensions of the  forebody for various degrees of sea- 
worthiness and permit the evaluation of the re la t ive  ef- 
f e c t  of forebody length, beam, and. length-beam r a t i o  f o r  
a proposed design. 

It i e  concluded that the gross-load coefficient f o r  
comparable spray character is t ics  var ies  as the square of 
the  forebody length-beam ra t io .  The forebody length has 
a re la t ive ly  p e a t e r  influence than the beem on the  low- 
speed spray character is t ics .  
beam are both varied t o  maintain comparable sizes of fore- 
body, the effect of length is not so pronounced as when 
length alone i s  varied. Large increases i n  length-beam 
r a t i o  are required f o r  comparable sizes of hu l l  t o  obtain 
a def in i te  imp;.ovement i n  the spray character is t ics .  
parable  pray character is t ics  may be obtained with a 
smaller forebody by use of high length-beam ra t ios .  

When the length and the 

C o w  

INTRODUCTIOI'J 

The size of the forebody of a f ly ing  boat represents 
a compromise betwesn flight ,requirements mil seaworthiness 
a t  low speeds on the water. 
are too  great, the s t ructural  w e i g h t  and the aorodynamic 
drag l i m i t  the  performance of the a i r c ra f t .  
and the beam are too mall, the spray character is t ics  be- 
come a l imitat ion i n  gross weight, intensify maintenance 

If the length and the beam 

If the length 
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* .. I 
p r o b l e m s ,  a n d  i n c r e a s e  t h e  h a z a r d ' s  of o p e r a t i o n  i n  r o u g h  
v a t e r ,  The  b e s t  o v e r - a l l  d e s i g n  i s  one f o r  w h i c h  t h e  
maximun: g r o s s  w e i g h t  a n d  t h e  s s a w o r t h i n e s s  r e q u i r e d  f o r  
t h e  i n t e n d e d  s e r v i c e  h a v e  b e e n  p r o p z r l y  e s t i m a t e d  a n d  
o p e r a t i n g  e x p e r i e n c e  w i t h  s i m i l a r  f l y i n g  b o a t s  h a s  b e e n  
c o n s  i d e r e d ,  

The b e n e f i c i a l  e f f e c t  o f  i n c r e a s i n g  f o r e b o d y  l e n & h  
o r  f o r e b o d y  length-bean;  r a t i o  on s p r a y  c h a r a c t e r i s t i c s  
a t  l o w  s p e e d s  h a s  b e e n  d e m o n s t r a t e d  ( r e f e r e n c e s  1 a n d  2 ) .  
A g e n e r a l  rolat  i o n s h i p  b e t w e e n  bearr, l o a d i n g  a n d  l e n g t h -  
beam r a t i o  f o r  a l a r g e  number  o f  a c t u a l  s e a p l a n e s  i s  
g i v e n  i n  r e f e r e n c e  3, 

c - h i s  p a p e r  p r e s e n t s  a c o r r e l a t i o n  o f  t h e  bean; l o a d -  
i n g  a i l d  t h e  f o r e b o d y  l e n g t h - b e a m  r a t i o  o f  a l i m i t e d  nuc;ber 
o f  c o n t e r . p o r a r y  m u l t i e i i g i n e  l o n g - r a n y e  f l y i n g  b o a t s  f o r  
w h i c h  t h e  s p r a y  c h a r a c t e r i s t i c s  i n  s e r v i c e  a r e  known, 
The  r e s u l t s  of  t h e  c o r r e l a t i o n  h a v e  b e e n  o f  v a l u e  i n  ana-- 
l ; p a i n g l ; . h ~  d i f f e r e n c e s  i n  t h e  s p r a y  c h a r a c t e r i s t i c s  of  t h e  
v a r i o u s  f l y i n g  b o a t s  a n d  i n  e s t i n , a t i n g  t h e  h y d r o d y n a m i c  
q u a l i t i e s  o f  s i m i l a r  p r o p o s e d  d e s i g n s  .in a d v a n c e  o f  m o d e l  
t e s t s  ~ i t h  p o w e r e d  p r o p e l l e r s ,  The  s p r a y  c r i t e r i o n  a n d  
t h e  d e r i v e d  r e l a t i o n s h i p s  p e r n i t  r e l a t i v e  e f f e c t s  of f o r e -  
b o d y  l e n g t h ,  beam,  a n d  l e n g t h - b a a n ;  r a t i o  t o  3 e  s t u d i e d  
a n a l y t i c a l l y ,  T h e  c o n c l u s i o n s  d r a w n  a r e  u s e f u l  i n  p r e l - i n -  
i n a r y  d e s i g n  a n d  as  :A g u i d e  f o r  t h e  i m p r o v e m e n t  o f  f l y i n g -  
b e a t  h u l l s ,  

DATA 

The e s s e n t i a l  p a r t i c u l a r s  a n d  t .he known s p r a y  c h a r a c -  
t e r i s t i c s  of s i x  f l y i n g  b o a t s  a r e  s u m m a r i z e d  i n  t a b l e  I ,  
Only  b o a t s  f o r  w h i c h  o p e r a t i n g  e x p e r i e n c e  i s  d e f i n i t e l y  
known a r e  i n c l u d e d ,  T h e  n o t e s  r e g a , r d i n g  s 3 r a y  a r e  b a s e d  
on o b s e r v a t i o n  o f  rriotion p i c t u r e s  a n d  o f  a c t u a l  t ake -o f I^s ,  
c o c v e r s a t i o n s  w i t h  p i l o t s  a n d  m a i n t e n a n c e  p e r s o n n e l ,  a? id  
s t u d i e s  o f  a v a i l a b l e  f l i g h t  r e p o r t s ,  110 a t t e m p t  i s  ma&e 
t o  c o n s i d e r '  a l l  t h e  f a c t o r s  i n f l u e n c i n g  t h e  s p r a y ,  s u c h  2.s 
t h e  l i n e s  o f  t h e  f o r e b o d y ,  p r o p e l l e r  ani! w i n g  c l e a r a n c e s ,  
a n d  power l o n d i n g . .  

T h e  d i s t i n c t i o n s  i n  s p r a y  c h a r a c t e r i s t i c s  a r e  dra-ern 
a s  o b j e c t i v e l y  as  p o s s i b l e  f o r  p u r p o s e s  o f  a n a l y s i s  a n d  
would he o p e n  t c  q u e s t i o n  i n  i n d i v i d u a l  c a s e s .  k o s t  of 
t h e  f l y i n g  b o a t s  h a v e ,  b e c a u s e  o f  m i l i t a r y  u r g e n c y ,  b e e n  
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o p e r a t e d  s u c c e s s f u l l y  a t  h e a v i e r  overloads a n d  u n d e r  morc? 
a d v e r s e  s e n  c o n d i t i o n s  t h a n  w o u l d  n o r m a l l y  b e  c o i ~ s i d e r e d  
p r a c t i c a b l e ,  Sxch  o p e r a t i o n  is outside t h e  s c o ~ e  o f  t h e  
p r i? s e n t  s trrdy 

I n  t a b l e  T: t h e  symbols u s e d  a r e  d e f i n e d  as f o l l o v r s :  

L f / b  f o r e b o d y  l e n g t h b e a m  r a . t i o  

gr 0 s s-lo ad c o e f  f i c i en  t ( A. /wb3 ) % 0 

w h e r e  

Lf l e n g t h  of forebody f ror r :  bow t o  s t e p ,  f c e t  

3 maximum b e a m ,  f e e t  

g r o s s  l o a d ,  pounds  

W s p e c i f i c  w e i g h t  o f  s e a  w a t a r  ( 6 4  l b / c u  f t ) .  

AUALYSIS A N D  D I S C U S S I O N  

T h o  S p r a y  C r i t e r i o n  k 

d l o g n r ! t h s i c  p l o t  o f  C A ~  against L f / b  f o r  t , h e  
f l y i n g  b o a t s  listed ia t a b l e  T I s  shown in figure 1, I n  
t h i s  p l c t  + L e  syrciy c h a r a c t e r i s t i c s  a r e  i n d i c a t e d  by kyyed 
syrr ,bols  t h a t  fall i n  an o r d e r l y  manner  cccorc?i : ig  t o  tha 
d i f f e r e n c e s  I n  t h c  r d p o r t e d  c h s r z c t c r i s t i c s  o f  t h e  v a r i o u s  
f l y i n g  t i c 2 t s ,  3n t h e  p l o t  t h o  srmbols d e n o t i n g  s i ~ i l ~ z i -  
sp r a,y char nc t e r i  s t i  c s 1 i e a1 on g s t r a. i gh t 1 i n e  s h n v  i ri 9 qua- 
t i o n s  o f  t h c  f o r u  

w h e r e  k hns  t h e  f o l 1 0 w i l ; g  values: 

F o r  flying b o a t s  w i t h  e x c e s s i v e  S F r a y . . . . , . . . . . .  O,OF)?5 

rl d o r  f l y i r _ g  b o a , t s  w i t h  spray t h a t  i s  h e a v y  b - i t  
a c c e p t a b l c  f o r  o v c r 1 o a . d . .  . . . . , , , . , . . . . , , . . . . . 0 , 0 8 2 5  
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F o r  f l y i n g  b o a t s  w i t h  s p r a y  c o n s i d e r e d  s a t i s f a c t o r y  
f o r  n o m a 1  o p e r a r i o n s . .  . . , .  , . .  . , . , . . . . . I . .  . , ~ 0,OF75 

For t h e  f l y i n g  b c a t  w i t h  v e r y  l i g h t  s p r a y . .  . . .  ..I 0,952; 

The c q n s t a p t  k a p p a r e n t l y  v a r i e s  m o r e  01 l e s s  
1 i n e a r l . y  w i t h  t h e  s e v e r i t y  o f  t h e  s p r a y  c h a r a c t e r i s t i c s  
ani i s ,  t h e r e f o r e ,  a s u i t a b l e  c r i t e r i c n  for i n v e s t i g a t -  
i n g  t h e  e f f e c t  of  c h a n g e s  i n  t h e  dimensions of  t h e  f o r e -  
b o d y  on t h c  s p r a y  0-” f o r  d e t e r m i n i n g  t h e  d i m e n s i o n s  o f  
a f o r e b o d y  f o r  v n r i o u s  d e q r e e s  of  s e a w o r t h i n e s s .  

D e r i v e d  R e l a t i o n s h i p s  

R e l a t i o n s h i p  b e t w e e n  C!., a n d  L f / b , -  E q u a , t i o n  (1) 
-________________.__ ~ 

i n C i c a t s s  t h a t ,  f o r  a. g i v e n  v a l u e  o f  k and henwe f o r  
c o m n a r , z b l e  spray c h a r a c t e r  i s  t i c s  
T h u s ,  a s  t h e  l e n g t h - b e a n .  r a t i o  of  t h e  f o r e b o d y  o f  a g i v e n  
f l y i n g  b e n t  i s  i n c ; r e a s e d  a c o n s i d e r a b l y  h i g h e r  v a l u e  o f  
Cao i s  p ~ r ~ . i s s i b l . e ,  T h i s  c o n c l u s i o n  p a r a l l e l s  t h a t  o f  

v a r i e s  a s  ( L , / b ) 2 .  cnO 

r e f e r e n c e  2, 
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E f f e c t  o f  Lf  and L f / b  f o r  c o m p a r a b l e  s i z e s  of 
hull,- A s  p o i n t o d  ou t  i n  r e f e r e n c e  2 ,  t h a  c f f a c t  o f  L f / b  
f o r  a s e r i e s  o f  h u l l s  i s  more n e a r l y  i s o l a t e d  i f  t h e  s i z e s  
o f  t h e  h u l l s  r e roa in  c o m p a r a b l e ,  T h i s  c o n d i t i o n  i s  n e a r l y  
s a t i s f i e d  by m a i n t a i n i n g  e q u a l  p l a n  f o r m  a r e a s  and  a p p r o x -  
i m a t e l y  e q u a l  s t r u c t u r a l  w e i g h t s  o f  b o t t o m  o r  by h o l d i n g  
t h e  T r o d n c t  L f b  c o n s t a n t ,  L e t  

-I----_- -----------I--------- ------ ----- --.-- 

_-..-- 

w h e r e  c i s  a c o n s t a n t  r e p r e s e n t i n g  t h e  s i z e  o f  t h e  P a r e -  
body; I f  e q u a t i o n  ( 3 )  is combined  w i t h  e q u a t i o n  ( 2 ) ,  

H e n c e ,  f o r  a g i v e n  A, a n d  L f b ,  t h e  s p r a y  c r i t e r i o n  k 
v a r i e s  i n v e r s e l y  as t h e  f i r s t  power  of Lf. From equa-  
t i o n  ( 3 )  

When e q u a t i o n  ( 5 )  i s  combined  w i t h  e q u a t i o n  ( 4 ) ,  

S e n c e ,  f o r  a g i v e n  do an& Lfb, t h e  s p r a y  c r i t e r i o n  k 
v a r i e s  i . n v e r s e l y  a s .  t h e  s q u a r e  r o o t  o f  ~ f / b ,  

E f f e c t ,  o f  L5/b f o r  compa . r ab le  sqrap c b a . r a c t e r i s t i c s . -  
---._._.________.."L..L- ---- -----.--- --.--_----.---.---.- ----- __---._.. ---- 

The t r e n d .  t o w a r d  irfiproved sp- ' ay  c h a r a c t e r i s t i c s  w i  tfi in- 
c r e a s e  i n  L f / b  when Lf: i s  h e l d  c o n s t a n t ,  i n d i c a . t e s  
t h e  p o s s i b i l i t y  o f  an o v e r - a l l  i n p r o v e m e n t  i a  d . e s i g n  ' b g  
t h e  u s e  of h i g h  l eng th -beam r a t i o s ,  I n  e q u a t i o n  ( a ) ,  k 
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r e m a i n s  t h e  same a n d  c o m p a r a b l e  s p r a y  c h a r a c t e r i s t i c s  
are m a i n t a i n e d  i f  L f Z b  i s  h e l d  c o n s t a n t  as L f / b  i s  
v a r i e d ,  By t r a n s p o s i n g  t e r n s  i n  e q u a t i o n  ( € > )  

or 

E e n c e ,  f o r  a g i v e n  A, a n d  k, c v a r i e s  i n v e r s e l y  as  
t h e  c u b e  r o o t  o f  L ~ / ’ u ,  

CONCLUSIONS 

1, P 7 t   ne spray c h a r a c t e r i s t i c s  o f  s e v e r a l  m u l t i e n g i n e  
l o n g - r a n g e  f l y i n g  b o a t s  a r e  s a t i : . f a c t o r i l g  r e l a t e d  b y  t h e  
e xp  r e s s i o :I 

w h e r e  

L f / b  fore7;od.y l e n g t h - b e a m  r a t i o  

k n o n d i n e n s i o n a l  c o e f f i c i e n t  v a r y i n g  f r o n  C,  0075  f o r  
b o a t s  w i t h  e x c e s s i v e  sprciy t o  0 , 0 5 2 5  f o r  b o a t s  
w i t h  v e r y  l i g h t  s p r a y ,  
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n o r m a l  s e r v i c e  a n d  i s  recommended f o r  d e t e r m i n i n g  t h e  
3 i r r ; e n s i o n s  o f  t h e  f o r e b o d y  i n  p r e l i m i n a r y  d e s i g n ,  

3, F o r  a g i v e n  gross w e i g h t ,  t h e  spray c r i t e l - i o n  k 
varies i n - r e r s a l y  as t h e  beam a n d  i n v e r s e l y  as  t h e  s q u s r e  
o f  t h e  f o r e b o d y  l e n g t h ,  The f o i q e b o d g  l e n g t h  h a s  a r a l -  
a t i v e l y  g r e a t e r  i n f l u e n c e  t h a n  t h e  b e a a  o n  t h e  s p r h y  
c h a r a c t e r i s t i c s ,  

4, Y O F  a g i v e n  gross w e i g h t  a n d  p r o d u c t  o f  f o r e -  
b o d y  l e n g t t  a n d  beam ( s i z e  o f  f o r e b o d y ) ,  t h e  s p r a y  c r j t e -  
r i o n  k v e r i e s  i n v e r s e l y  as t h e  f o r e b o d y  l s n g t h  s n d  in- 
v e r s e l y  as t k . 2  s q u a r e  root o f  t h e  f o r e b o d y  l e n g t h - b e a z  
r a t i o ,  L a r g e  i n c r e a s e s  i n  lengtl;--be,arn r a t l o  a r e  r e q u i r e d  
t o  o b t a i n  a d e f r n i t e  iEhprovement  i n  s p r a y  c h a r a c t e r i s t i c s ,  

5 ,  F o r  a g i v e i l  gross w e i g h t  a n d  v a l a e  o f  t h e  s p r a y  
c r i t c r i o n  k, t h e  p r o d u c t  o f  f o r e b o d y  l e n g t h  and  beam 
( s i z e  o f  f o r e b o d y )  v a r i e s  i n v e r s e l y  as t h e  c u b e  r o o t  o f  
t h e  f o r e b a d y  i e n q t h - b e a m  r a t i o ,  High  l eng th -beam r a t i c s  
p e r m i t  t i l e  u s e  o f  a s m a l l e r  s i z e  o f  f o r e b o d y  f o r  cornpara- 
% L e  sprczy c h a r a c t e r i s t i c s ,  

L a n g l e y  I v l o m o r i a l  A e r o n a u t i c a l  L n S o r a t o r y ,  
Nationai Ad.visory  Ccmlni t tec  f o r  . A e r o n a u t i c s ,  

L a n g l e y  F i e l d ,  Va. 

BET ERE I.$ C E S 

1, P c r k i n s o u ,  J o h n  B , ,  C i l son ,  R o l a n d  E,, :,nd H o u s e ,  
Buf'us 0 , ;  Hydrodynamic  and Aeroi iynamic  T e s t s  o f  
a F z ~ i i y  of  iv 'odels o f  S e c t r l P n c  F l o a t s  w i t h  Pnr,y- 
i n g  k n g l - ~ 5  o f  Dead i i i s e ,  B;A.C .A,  k o d e l s  5'/-A, 
57-3 ,  an& 57-C, !Pal?,, No, 7 1 6 ,  iTACAl 1939, 

2. B e l l ,  J o e  V J , ,  Garrison, C h a r l i e  C . ,  a n d  Z e c k ,  X o w a r d :  
E f f e c t  o f  Lencth-Seam F t a t i c  o n  E e s i s t n n c e  and SljrajT 
of '  ? h r e e  1k;odelc  o f  $lyir,g-Boat : Iu l l s ,  IJACA Ae3,? . i . .  .- 
N O ,  55.23,  O C T  19443, 

3, L o c k e ,  F r e d  W, J r , :  A G G r r e l z L t i o n  o f  t h e  Dimec- 
s i o n s ,  P r o p o r t - . ~ - ~ n s ,  a n d  L o a d i n g s  o f  E x i s t i n g  Sea-- 
p l a n e  F l o a t s  a n d  F l y i n g - B o a t  B u l l s ,  iVACA A , R , B , ,  
Liarch 1 9 4 3 ,  
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PARTICULARS AND SPRAY CHARACTERIS'PICS OF SIX 
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umbr o f  
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0.93 

0.75 

a 

3.02 

4 

0.85 

1.10 

B 

P 

4 

8 

-. 

50 

94 

3.81 I 0.69 
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Spray Charao te r i a  t l o  I 

3at isfaotory bow apraj.  Negligible 
spray through propel le r r  and s t r i k -  
Lng wing  or t a i l  b U l s W @ 8 *  Bucceas- 
f i l l y  operated under rid. v a r i e t y  of 
hdrerse wind and sea oonditiono. 

ieavy bow spray. Maintenance and 
corrosion problems inoreared but 
hco@ptable f o r  overload under average 
mea oondl t lons.  

Excessive bow epray. Water through 
propellers dmnohes englner, r i n g  and 
t a l l  surfacen. Erorlon of dura l  
mopellera w i t h  any addi t iona l  over- 
load prohibi t ive.  

-- 

Excersive bow rpray. Water through 
propel lers  111 smooth r a t e ?  slmost 
sbscurss aace l l e s  and oentrr reo t ion  
sf wing. Large aux i l i a ry  rpray 
a t r i p a  required f o r  any addi t iona l  
sve r load . 
Sat i s fac tory  bow spraj .  Water 
through propel le rs  r t r i k r s  f l a p s  and 
t a i l  surfaoes but not enough for cor-  
rosion and maintenance problem. 
Suc c0 I s f u l l y  operated undo r r i d e  
var ie ty  of wind and rea oqnditlons. 

LIeavy bow spray. Propel le r r ,  f l aps ,  
and tail surfacer  heavi ly  wetted i n  
emooth water. Acoeptabh for occa- 
s iona l  overload with r t e e l  propel lers .  

L i g h t  bow spray. !to r p n y  through 
propellerbpi except i n  heavy reas .  
Maintunance ~ r i t l  corror ion mblem 
negl lg1bl8 ,  h i r a l  propa1Per. ratio- 
factory for long period8 between over- 
hauls. 

S a t i t f a c t o r y  bow spray. No 8p-Y 
throu6h p ~ u p a l l e r s  In moderate choppy 
wavea. Cons1,iemd vbry reanorthy 
for roup> r n t e r  operation. 

h ~ v p  bow spray. Propel lers ,  ring 
and t a l 1  surfaces  i n  the spray but 
hull nppamnt ly  capable o r  a slight 
hirthcr Lncrease Ln might-  
A C C t 3 p t a b l O  l o r  overload w i t h  a te01  
propellera. 
____L-- 
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